Background: Colorectal cancer is the third most common cancer worldwide. In Egypt, the relative frequency of colorectal cancer is about 9-12% with high male predominance 3:1. Several proteins are associated with the development and progression of colorectal cancer including Cox2 and CDX2 proteins. However, it is still controversial whether Cox2 and CDX2 expression can be regarded as prognostic factors for colorectal cancer patients.
Introduction
COLORECTAL cancer is the third most common cancer worldwide [1] . It is a very common malignant tumor of the digestive tract, with about 1.2 million new cases and 600,000 deaths worldwide each year [2] . Colorectal cancer is the third most commonly diagnosed malignancy in males, after lung cancer and prostatic cancer and the second in females, after breast carcinoma [3] . It is the second most frequent cause of death by cancer [4] .
Colorectal cancer is the 7 th most common cancer in Egypt, representing 3.47% of male cancers and 3% of female cancers [5, 6] . In Egypt, the relative frequency of CRC is about 9-12% with high male predominance [7] . It is the third most common tumor in males after urinary bladder and lymphohemopoietic malignancies, and in females it ranks fifth after breast, lymphohemopoietic, cervical, and urinary bladder cancers. Recently, interest in Egyptian colorectal cancer has been raised when clinical studies revealed a high incidence of the disease among the young Egyptian population [8] . In Egypt, colon cancer was commonly diagnosed in elder people with a mean age about 53 year-old, which is still more than a decade younger than the corresponding age in the USA (69 in men and 73 in women) [6, 9] . Alterations and changes in the traditional Egyptian diet, introduction of new types of foods and eating habits such as consumption of processed or semi-processed, tinned or cooked meats, fried potatoes, hamburger, and pizza are taking place. Fast foods became popular as well as physical inactivity and smoking which might lead to increasing CRC among Egyptian population [7] . 71 72 Prognostic Significance Cox2 in Cancer Rectum Certain molecular markers involved in CRC tumorigenesis have verified prognostic and predictive impact in addition to conventional TNM staging classification which is considered the major prognostic indicator [10] .
Several epidemiological researches reported a 40-50% decrease in the relative risk of colorectal cancer in persons chronically using Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) indicating that these drugs might have a chemoprotective and possibly chemotherapeutic effect [11, 12] . The best known targets of NSAIDs are cyclooxygenase (Cox) enzymes [13] . Many studies have focused on the role of Cyclooxygenase 2 (Cox2) in tumor development and progression [14] . It is a ratelimiting synthase which catalyzes the metabolism of Arachidonic Acid (AA) to PGs. Cox2 is an inducible enzyme and is associated with inflammatory diseases and carcinogenesis [15] . It is encoded by the gene located on chromosome 1 at q31.1 [16] . Overexpression of Cox2 plays a central role in intestinal tumorigenesis. In fact, elevated levels of Cox2-derived PGE2 are associated with resistance to apoptosis [17] ; stimulation of cell proliferation; simulation of cell migration and angiogenesis [18] .
Caudal-related homeobox transcription factor 2 (CDX2) is an intestine-specific transcription factor essential for intestinal development and differentiation [19, 20] . It is encoded by CDX2 gene which is a member of the caudal-related homeobox gene family [21] that maps to the ParaHox gene cluster [22] in chromosome 13q12 [23] . The expression of CDX2 in adults is restricted to the intestine, from the duodenum to the rectum. CDX2 is regarded as a specific marker of the intestinal epithelial cells that can be utilized for identifying the colorectal origin of metastatic adenocarcinomas [24] . The role of CDX2 protein during CRC development remains controversial, as different studies suggest both negative and positive modulation of tumourigenesis [23] . CDX2 has been proposed as a tumor suppressor in colon cancer [24, 25] , but CDX2 expression is seldom lost in colon cancer tissue, and the gene is rarely mutated [26, 27] . Furthermore, several studies have found that CDX2 gene is often amplified in colon cancer, suggesting a lineage survival oncogene function in some tumors [28, 29] .
Material and Methods
This study was carried out on 50 cases of colorectal carcinoma in the form of colectomy specimen. These cases were collected retrospectively from the archives of Pathology Department, Faculty of Medicine, Tanta University and from some private laboratories during the period of the research from February 2016 to December 2017 and patients' data were obtained from files of surgery and oncology reports. Approval from Research Ethics Committee (REC), Faculty of Medicine, Tanta University was taken antecedent to conducting study.
Cases were classified microscopically according to the 4 th edition of the World Health Organization (WHO) classification system, 2010 [30, 31] . Cases were graded traditionally using the three-tiered system into well differentiated (Grade 1), moderately differentiated (Grade 2) and poorly differentiated (Grade 3) carcinomas according to the WHO criteria which was based on the extent of glandular differentiation as the following [32] : Grade 1: Showing more than 95% of gland formation.
Grade 2: Gland formation ranged between 50% and 95%.
Grade 3: Gland formation was lower than 50%.
Pathological staging of the studied colorectal carcinomas was determined according to the recommendations of the 8 th edition of AJCC, Cancer Staging Manual, 2017 by using the TNM staging system [33] .
Immunohistochemical staining was performed on 10% formalin fixed, paraffin embedded tissue blocks for evaluation of Cox2 and CDX2 expression. Sections were immunohistochemically labeled, using primary antibodies to Cox2 (Ready to use Rabbit monoclonal antibody, Thermo Fisher Scientific, USA) and CDX2 (DAK-CDX2 clone, ready to use mouse monoclonal antibody, DAKO, Egypt). Cox2 expression was mainly cytoplasmic in the tumor cells [34] . Immunostaining evaluation was performed using a semi-quantitative scoring system by estimating the percentage of the tumor cells stained and staining intensity [35] . The extent of staining was graded as follows: 0-staining in less than 1% of tumor cells; 1-staining in 1-20%; 2 -staining in 20-50%; and 3-staining in more than 50%. Overall intensity of staining was also assessed as follows: 0 no staining; 1 weak staining; 2 moderate staining; and 3 strong staining. Final scores (range from 0 to 9) were obtained by multiplying staining extents and intensities. Final scores were described as follows: 0, no expression; 1 to 3, weak expression; 4-6, moderate expression; and 7-9, strong expression. For statistical analysis, no expression and weak expression were combined and described as negative for expression, and moderate and strong expression were combined and described as positive for expression [14] . Nuclear CDX2 were scored as the percentage of positive tumor cells [24] . The tumor was considered to be positive for CDX2 when it showed at least 20% of positive cells [24, 36] .
Chi-square test was used as a test of significance to evaluate the association between categorized variables and p-value <0.05 was considered statistically significant. Statistical analyses were performed using SPSS software, Version 12.0.
Results
The clinicopathological characteristics of the studied cases were summarized in (Table 1) . We immunohistochemically evaluated 50 cases of colorectal carcinoma specimens for Cox2 and CDX2 expression and correlated with different clinicopathological characteristics (Tables 2,3 ).
Out of 50 studied colorectal carcinoma cases, 38 cases (76%) were Cox2 positive including 23 cases (46%) of moderate expression and 15 cases (30%) of strong expression, while 12 cases (24%) were Cox2 negative including 11 cases (22%) of weak expression and one case (2%) of no expression. There was a statistically significant correlation between Cox2 expression and the depth of tumor invasion (p-value=0.024), lymph node status (p-value=0.009), distant metastasis ( p-value=0.035) and TNM stage (p-value=0.001). Cox2 expression was not significantly correlated with histopathological type, histopathological grade, vascular invasion and perineural invasion (p-value=0.091, 0.405, 0.385 and 0.329 respectively).
Out of 50 studied colorectal carcinoma cases, 39 cases (78%) were CDX2 positive, while 11 cases (22%) were CDX2 negative. There was a statistically significant inverse correlation between CDX2 expression and histopathological grade ( p-value=0.005), depth of tumor invasion (p-value= 0.001), lymph node status ( p-value=0.001), distant metastasis (p-value=0.001), TNM stage (p-value= 0.002) and vascular invasion ( p-value=0.001). CDX2 expression was not significantly correlated with histopathological type and perineural invasion (p-value=0.097 and 0.248 respectively). The relation between Cox2 immunohistochemical score and CDX2 immunohistochemical staining in the studied cases was statistically significant ( p-value= 0.035). 
Discussion
Cox2 is a rate-limiting synthase which catalyzes the metabolism of Arachidonic Acid (AA) to PGs. Cox2 is an inducible enzyme and is associated with inflammatory diseases and carcinogenesis [15] . It is encoded by the gene located on chromosome 1 at q31.1 [16] . Overexpression of Cox2 plays a central role in intestinal tumorigenesis. In fact, the elevated level of Cox2-derived PGE2 is associated with resistance to apoptosis [17] ; stimulation of cell proliferation; simulation of cell migration and angiogenesis [18] .
Cox2 expression was associated with increased depth of tumor invasion, increased lymph node metastasis, distant metastasis and increased tumor stage. From that, Cox2 expression was associated with poor prognosis of colorectal carcinoma which was in agreement with other studies who reported that Cox2 expression is a useful poor prognostic marker in CRC [34,35,37-40] . In contrast, Fux et al., [41] and Lim et al., [42] demonstrated that Cox2 overexpression has little prognostic impact in CRC.
Besides, Wu et al., [43] and Yamac et al., [44] failed to prove a prognostic relevance of Cox2 expression in CRC.
Cox2 expression was observed to increase with increased depth of the tumor invasion and the relation between Cox2 score and depth of invasion (T) was statistically significant. Similarly, Lim et al., [14] reported that Cox2 expression was significantly associated with infiltration depth. In contrast, Lim et al., [42] and Shin et al., [46] found no significant correlation between Cox2 expression and depth of invasion. Cox2 expression was observed to increase with increased lymph node metastasis and the relation between Cox2 score and lymph node status (N) was statistically significant. Similarly, Xiong et al., [45] and Shin et al., [46] reported that Cox2 expression was significantly associated with lymph node metastasis. In contrast, Elzagheid et al., [34] and Mahmoud et al., [47] detected no association between Cox2 expression and lymph node metastasis. Cox2 expression was observed to increase in cases with distant metastasis than those with no documented distant metastasis and the relation between Cox2 score and distant metastasis (M) was statistically significant. Similarly, Wan et al., [48] and Al-Maghrabi et al., [40] detected significant correlation between Cox2 expression and distant metastasis. In contrast, Okudur et al., [39] failed to demonstrate a statistically significant correlation between Cox2 and the presence of metastases. Yamauchi et al., [37] and Xiong et al., [45] reported that Cox2 expression was correlated with hepatic metastasis in contrast with Shin et al., [46] who found no relation between Cox2 expression and hepatic metastasis. Cox2 immunohistochemical score was observed to increase with increased stage of the tumor and the relation between Cox2 score and tumor stage in the studied colorectal carcinoma cases was statistically significant. Similarly, Al-Maghrabi et al., [40] and Elzagheid et al., [34] reported statistically significant correlation between Cox2 expression and tumor stage. In contrast, Lim et al., [42] and Mahmoud et al., [47] detected no significant association between Cox2 expression and tumor stage.
Caudal-related homeobox transcription factor 2 (CDX2) is an intestine-specific transcription factor essential for intestinal development and differentiation [19, 20] . It is encoded by CDX2 gene which is a member of the caudal-related homeobox gene family [21] that maps to the ParaHox gene cluster [22] in chromosome 13q12 [23] .
The role of CDX2 protein during CRC development remains controversial, as different studies suggest both negative and positive modulation of tumourigenesis [23] .
CDX2 expression in the current study showed statistically significant inverse correlation with histopathological grade, depth of tumor invasion, lymph node status, distant metastasis, TNM stage and vascular invasion. From that, loss of CDX2 expression was associated with poor prognosis of colorectal carcinoma which was in agreement with other studies as Dalerba et al., [49] and Bonetti et al., [36] who suggested that loss of CDX2 expression may be useful as a prognostic marker for advanced CRCs. Besides, Kim et al., [50] demonstrated that the CDX2 negative phenotype was an independent adverse prognostic factor for MSI-H CRC. There was statistically significant inverse relation between CDX2 immunohistochemical staining and the histopathological grade. Loss of CDX2 immunohistochemical staining increased with increased tumor histopathological grade. Similarly, Oslen et al., [53] and Bonetti et al., [36] reported significant correlation between CDX2 loss and poor differentiation grade. Besides, Kim et al., [50] found that CDX2 loss was significantly associated with poor differentiation in MSI-H CRC tissues and Lugli et al., [54] found that the loss of CDX2 expression is associated with a higher tumor grade in mismatch repair-proficient (MSS or MSI-low) CRCs. There was statistically significant inverse relation between CDX2 immunohistochemical staining and the depth of tumor invasion (T). Loss of CDX2 immunohistochemical staining increased with increased depth of tumor invasion (T). Similarly, Bae et al., [24] reported that loss of CDX2 expression was significantly associated with depth of tumor invasion (T). Besides, Lugli et al., [54] found that loss of CDX2 expression is associated with a higher T stage in mismatch repair-proficient (MSS or MSIlow) CRCs. There was statistically significant inverse relation between CDX2 immunohistochemical staining and lymph node status (N). Loss of CDX2 immunohistochemical staining increased with increased lymph nodes metastasis (N). Similarly, Choi et al., [51] and Bae et al., [24] reported that loss of CDX2 expression was significantly associated with lymph node status (N). Besides, Kim et al., [50] found that CDX2 loss was significantly associated with lymph node metastasis in MSI-H CRC tissues and Lugli et al., [54] found that the loss of CDX2 expression is associated with a higher N stage in mismatch repair-proficient (MSS or MSI-low) CRCs. There was statistically significant inverse relation between CDX2 immunohistochemical staining and distant metastasis (M). Loss of CDX2 immunohisto-chemical staining is more common in cases with distant metastasis than those with no distant metastasis. Similarly, Bae et al., [24] reported that loss of CDX2 expression was significantly associated with distant metastasis (M). There was statistically significant inverse relation between CDX2 immunohistochemical staining and the tumor stage. Loss of CDX2 immunohistochemical staining increased with increased stage of the tumor. Similarly, Oslen et al., [23] and Bae et al., [24] reported that loss of CDX2 expression was significantly associated with tumor stage. In contrast, Oslen et al., [53] reported that cancer stage was not significantly associated with CDX2 protein level. There was statistically significant inverse relation between CDX2 immunohistochemical staining and vascular invasion. Loss of CDX2 immunohistochemical staining is more common in cases with vascular invasion than those with no vascular invasion. Similarly, Knösel et al., [52] reported that loss of CDX2 was significantly correlated with vascular invasion. Besides, Lugli et al., [54] found that loss of CDX2 expression is associated with more frequent vascular invasion in mismatch repair-proficient (MSS or MSI-low) CRCs.
The relation between Cox2 immunohistochemical score and CDX2 immunohistochemical staining in the studied colorectal carcinoma cases was statistically significant.
Therefore, we conclude that combined expression of Cox2 with loss of CDX2 suggests poor prognosis and high risk of metastasis in patients with colorectal cancer. Therefore, this combination could be used for evaluating the prognosis and screening for patients with high risk of metastasis.
